Introduction
Muscles act in conjunct with skeletal system to produce gross body movement. Adult skeletal muscle is extremely stable under normal biological conditions. However, when body is damaged due to specific diseases, injury or strong physical exercise, skeletal muscle exhibits a remarkable capacity of self-repair [1] . Repair and maintenance of skeletal muscle is attributed to the skeletal muscle stem cells, termed satellite cells [2] . In response to stimuli, quiescent satellite cells become activated and start to differentiate [3] . Skeletal muscle differentiation is a highly regulated process involving cell cycle exit, fusion of myoblasts to myotubes, eventually, all myotubes mature to form muscle fibers. Many musclespecific genes are expressed during skeletal muscle differentiation such as myogenic regulatory factors (MRFs) family members, including MyoD, myogenin (MyoG), Myf5, and MRF4/Myf6 [4, 5] . MyoD controls the commitment of precursor cells to myoblasts [6] , while MyoG regulates the differentiation of myoblasts to myotubes [7] . In addition, myosin heavy chain (MyHC) isoforms seem to represent the most appropriate markers for fiber type delineation. Myosin heavy chain isoform I (MyHCI), also known as slow-twitch oxidative type I, metabolizes lipids as fuel. Three fast-twitch types, namely myosin heavy chain isoform IIA (MyHCIIA), myosin heavy chain isoform IIX (MyHCIIX) and myosin heavy chain isoform IIB (MyHCIIB), predominantly use glycogen and glucose as fuel [8] .
Peroxisome proliferator-activated receptor co-activator 1α (PGC-1α), firstly emerges as a functional activator of peroxisome proliferator-activated receptor (PPAR) γ in brown adipose tissue [9] . PGC-1α interacts with nuclear receptors and transcription factors to activate transcription of specific target genes upon response to multiple stimuli including calcium ion, reactive oxygen species (ROS), insulin, thyroid hormone, estrogen, hypoxia, exercise, and cytokines et al. [10] . As a prime regulator of mitochondrial content and oxidative metabolism, PGC-1α is critical in the maintenance of glucose, lipid, and energy homeostasis in muscle and other tissues [11] [12] [13] [14] . Two other family members of PGC-1α, PGCrelated co-activator (PRC) and PGC-1β have also been identified [15, 16] . In skeletal muscle, PGC-1α is characterized as a metabolic sensor of motor neuroninduced calcium signaling [17] . Activation of PGC-1α not only stimulates mitochondrial DNA replication but also regulates other vital cellular events such as mitochondrial fusion, fission and antioxidant defense, and interestingly, it transforms type IIB muscle fibers into a more oxidative phenotype [18] [19] [20] . Therefore, PGC-1α appears to be an important mediator of functional capacity of skeletal muscle. However, the role of PGC-1α in myogenic differentiation hasn't been elucidated by now. In the present study, we investigated the function of PGC-1α in skeletal muscle myoblast differentiation.
Materials and Methods

Plasmids
Based on the information of the murine PGC-1α cDNA sequence (GenBank accession No. BC066868), murine PGC-1α cDNA was obtained by RT-PCR from murine muscle with the following primers, sense: 5′-GATCGGATCCATGG CTTGGGACATGTGCAGC-3′, antisense:
5′-GATCCTCGAGTTACCTGCGCAAG CTTCTCTG-3′. The pcDNA3.1-flag-PGC-1α plasmid was constructed by subcloning the cDNA for murine PGC-1α into the vector pcDNA3.1 at the sites of Bam H1and Xho1. Insertion of cDNA was verified by DNA sequencing. In addition, a gene specific siRNA for mouse PGC-1α was synthesized according to the murine PGC-1α cDNA sequence information. The gene specific siRNA used in this study was designed with Dharmacon online siRNA design tool (Thermo Fisher Scientific Inc, MA, USA). Target sequence is as follows: CACTCAGCTCAGCTACAATGA. Negative control siRNAs purchased from Ruibobio Company (Guangzhou, Guangdong, China) shares no sequence similarities with any reported murine gene sequences. siRNA stock solution was prepared as 20 μmol L -1 in RNase-free water.
Cell culture, differentiation and transfection
C2C12 murine skeletal muscle myoblasts, a kind gift from Prof. Li (West China Developmental & Stem Cell Institute, China), were cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco, NY, USA) supplemented with 10% fetal bovine serum (FBS, Gibco) and 1% penicillin/ streptomycin at 37°C in a humidified atmosphere containing 5% CO 2 . When cells were grown to 90% confluence, the medium was switched to differentiation media containing 2% horse serum to induce myogenic differentiation. Every day during differentiation process, the media was replaced with fresh media. Prior to transfection, the cell culture medium was replaced to serum-free DMEM. With a Sofast (Xiamen, Fujian, China), transfection was carried out by lipofection method according to the manufacturer's instructions. In order to obtain stable transfectants, 400 μg mL -1 G418 (Amresco, Solon, OH, USA) was used to eliminate untransfected cells.
Real time RT-PCR
Total RNA was extracted from cultured C2C12 cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the product instructions. RNA concentration was determined using a spectrophotometer (BiowaveII, Biochrom, UK). The total RNA from each sample was then converted into cDNA using a PrimeScript® RT reagent Kit (Fermentas Life Science, Hanover, MD, US). Real-time analysis was performed in a fluorescence temperature icycler (Bio-Rad, Hercules, CA, USA) under the following conditions: an initial de-naturation for 1 min at 95°C followed by 40 cycles of 30 s denaturation at 95°C, 30 s annealing at optimal primer temperature ( Table 1) and 30 s extension at 72°C. The threshold cycle (CT) resulting from RT-PCR was analyzed using a 2 -ΔΔCt method [21] . β-actin was used as a loading control for normalization.
Statistical analysis
Data obtained were analyzed statistically with SPSS Statistics V17.0 software and expressed as means±SEM. The significance of the differences between the groups in all experiments was determined by ANOVA followed by two tailed multiple t-tests. Values of p < 0.05 were taken to imply statistical significance.
Results
Level of PGC-1α during myoblast differentiation
C2C12 cells were induced myogenic differentiation by 2% horse serum. The mRNA level of PGC-1α during C2C12 cell myogenic differentiation was detected by real time RT-PCR on the 2nd, 4th, 6th, 8th day, respectively. The results revealed that the content of PGC-1α increased during C2C12 cell myogenic differentiation with a peak on the 4th day, then decreased on the 6th and 8th day (Figure 1 ), implying involvement of PGC-1α in myogenic differentiation.
PGC-1a induces myoblast differentiation
Skeletal muscle differentiation is characterized by the alignment of the myoblasts into the myotubes [22] .
To assess the biological significance of PGC-1α upregulation in myoblast differentiation, two myoblast cell lines were established. One stably over-expressed PGC-1α via transfection of PGC-1α gene into C2C12 cells, and the other decreased the constitutive expression of PGC-1α via transfection of siRNA targeting PGC-1α as shown in Figure 2 , panel A and B. The murine C2C12 cells transfected with pcDNA3.1-flag differentiate to form myotube structures when cultured in differentiating medium on the 4th day ( Figure 2C ). The over-expressed PGC-1α transfectants formed typical myotubes with an elongated morphology ( Figure 2D ), significantly larger in size with respect to that observed in C2C12 cells transfected with pcDNA3.1-flag. In contrast, the decreased constitutive expression of PGC-1α via transfection of siRNA targeting PGC-1α leaded to no myotube formation in C2C12 cells ( Figure 2F ) compared with those corresponding control cells ( Figure 2E ). Therefore, PGC-1α regulated myogenic differentiation of C2C12 cells.
Effect of PGC-1α on MyoD, MyoG and MyHC isoforms expression
To confirm the myogenic differentiation of C2C12 cells, three days after the growth medium was changed to the differentiation medium, the expression levels of MyHCI and MyHCIIX were analyzed and found that MyHCI was significantly increased in stable PGC-1α transfected cells ( Figure 3A) , while MyHCIIX was decreased in these cells ( Figure 3C ). Additionally, with the transfection of PGC-1α siRNA, the MyHCI gene expression level significantly decreased compared with the Neg.-siRNA transfected C2C12 cells ( Figure 3B ). Interestingly, the expression level of MyHCIIX was also decreased in PGC-1α siRNA transfected cells ( Figure 3D ). These results demonstrated PGC-1α only induced type I muscle fiber formation. Specification of the myogenic lineage and differentiation of skeletal muscle cells are critically dependent on the basic helix-loop-helix transcription factors, MyoD and MyoG [6, 7] . Furthermore, to explore the mechanism underlying the effect of PGC-1α on C2C12 cell myogenic differentiation, the influence of PGC-1α on MyoD and MyoG expression was examined. As summarized in Fig.3E-3H , the expression of MyoD and MyoG were up-regulated in C2C12 cells transfected with pcDNA3.1-flag -PGC-1α (Figure 3 , panel E and G). In contrast, the expression of MyoD and MyoG were inhibited in C2C12 cells transfected with siRNA targeting PGC-1α (Figure 3, panel F and H) . These results showed that PGC-1α enhanced expression of MyoD and MyoG in C2C12 cells, which was paralleled with the activation of the skeletal muscle differentiation program.
Discussion
In the past decade, PGC-1α emerges as a key transcriptional co-activator in metabolic regulation of mitochondria, antioxidant defense and inflammatory response in skeletal muscle. Recent reports reveal that PGC-1α can transform type IIB muscle fibers into a more oxidative phenotype [18] . In this study, we investigated the role of PGC-1α in myoblast differentiation using murine C2C12 cells as a model and found that PGC-1α was up-regulated during differentiation process indicating involvement of PGC-1α in myoblast differentiation. This result is in accordance with other authors who observed the same effect in Schwann cells [23] and neuroblastoma cells [24] .
Over-expression and siRNA suppression strategies were used to further characterize the function of PGC-1α in myoblast differentiation. When PGC-1α C2C12 transfectants were cultured in differentiating medium, the cells differentiated into typical myotubes compared with the control cells. In addition, the decreased constitutive expression of PGC-1α via transfection of siRNA targeting PGC-1α leaded to no obvious myotube formation in C2C12 cells. The results demonstrated that PGC-1α was related to myoblast differentiation.
Addtionally, MyHCI, a marker for oxidative type I muscle fiber was analyzed and found that PGC-1α promoted MyHCI expression. In contrast, PGC-1α suppressed type II muscle fiber with decreased MyHCIIX expression. The detection indicated PGC-1α only induced type I muscle fiber formation and it could shift type II muscle fiber to type I phenotype. Interestingly, PGC-1α siRNA inhibited both MyHCI and MyHCIIX expression which could attribute to no muscle fiber formation in these cells. These results were consistent with the reports that PGC-1α can transform type IIB muscle fibers into a more oxidative phenotype [18] [19] [20] . Furthermore, the effect of PGC-1α on MyoD and MyoG, which controlled myoblast and myotube formation, were examined. PGC-1α enhanced both MyoD and MyoG expression. The up-regulation may contribute to accelerated myoblast differentiation.
Our results suggested that PGC-1α was related to myoblast differentiation, while in other cell types such as preadipocyte lines [25] and Schwann cells [23] , only PGC-1α is not sufficient for induction of differentiation. Thus, the relationship between PGC-1α and myoblast differentiation need to be further elucidated. In addition, since PGC-1α is a master regulator of mitochondrial biogenesis, the crosstalk between PGC-1α and myoblast differentiation, may be related to mitochondria development.
Taken together, our study demonstrates an obvious up-regulation of PGC-1α expression during murine C2C12 myoblast differentiation. PGC-1α is closely associated with myogenic differentiation in C2C12 cells. The mechanisms may be attributed to increased expression of MyoD and MyoG.
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